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ABSTRACT: Imagire-guchi inlet is a 200 m wide channel with jetties between the Pacific Ocean and Hamana Lake, 
Japan. An ebb-tidal delta (ETD) at the shoreface is enlarged by strong offshore-going currents through the channel. In 
this study, bathymetric data is obtained frequently from operational record (the position by GPS and the depth by 
fishfinder) of small fishing boats in the nearshore area. Comparison of the frequent monitoring data from 2007 to 2012 
shows that medium-term trends of ETD progradation and short-term topographical changes on ETD. Annual rate of the 
prograding according to analysis of ETD terminal slope (depth of 9-11 m) resulted in 7-9 m/year seaward until June 
2011. Bathymetric change analysis shows that concentrated erosion (approximately 2 m vertically) occurred within 
ETD by effect of high wave condition due to a strong typhoon passed in July 2011. The erosion zone trapped sediment 
supply. As a result, balance between sediment supply and demand for constant ETD progradation was lost, and angle of 
ETD terminal slope and volume of sediment composing ETD decreased. The results emphasized that frequent 
bathymetric data obtained with the operational record give us efficient method for monitoring ETD formation and 
sediment transport. This method has applicability in various time-scale monitoring for bathymetric analysis. 
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INTRODUCTION 
The Enshu-nada coast extends about 120 km in 
central Japan (Fig. 1). A huge amount of sediment which 
is supplied from the Tenryu River created an alluvial 
plain, coastal dunes and wide sandy beach (Hattori and 
Suzuki, 1976). Since the 1960s, the coastal zone is 
continually undergoing erosion because of decrease in 
the fluvial sediment supply from the river by 
construction of dams. 
Imagire-guchi inlet (Fig. 2) is located about 20 km to 
the west of the Tenryu River mouth and a 200 m wide 
channel with jetties between the Pacific Ocean and 
Hamana Lake. During the year 1954 to 1973, the jetties 
were constructed on the both sides of the inlet to 
stabilize the navigation channel (e.g. Kuriyama et al., 
2004). Capture of westward longshore sediment 
transport by the east jetties produced shoreline 
progradation at east-side of the inlet and shoreline 
erotion at the west-side. Three detached breakwaters 
were constructed between 1986 and 1991. 
An ebb-tidal delta (ETD) at the shoreface is enlarged 
by strong offshore-going tidal currents through the 
channel. Uda et al. (2010) evaluated about 2.5  106 m of 
sand forming the ETD between 1978 and 2005 using 
bathymetric data. Kuriyama et al. (2004) investigated the 
volume of sediment stored in the ETD associated the 
tidal prism according to Walton and Adams (1976), so 
that the volume is assumed to reach close to equilibrium 
in 1992. 
Past studies have revealed that an inlet system with 
ETD trap longshore sediment transport, sediment budget 
over a tidal inlet reduces. For Regional Sediment 
Management, it is important to quantify ETD 
morphological change. This information will help that 
define the role of ETD within regional sediment budget, 
 
Fig. 1  Location of the study area. The Enshu-nada coast 
has a long sandy beach with fluvial sediment supplied 
from the Tenryu River. 
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and how changes in nearshore morphology around an 
inlet. 
The objective of this study was to investigate 
medium-term trends of ETD progradation and short-term 
topographical changes on the ETD with high-frequency 
bathymetric data between 2007 and 2012. 
 
BATHYMETRIC DATA COLLECTION AND 
PROCESSING 
The bathymetric data is obtained frequently from 
operational record (the position by GPS and the depth by 
fishfinder) of 15 small fishing boats up to 10 gross 
tonnage in the nearshore area. This method, Okabe et al. 
(2009), which compiled peculiarity of the bathymetry 
monitoring, supplied high-frequency bathymetric 
collection around the inlet. Tide corrections were 
integrated using 1-minute interval data estimated the 
heights at outside the lake to modify phase lag and 
amplitude of 1-hour interval data from JMA tide gauge 
station at Maisaka Fishing Port, south-eastern edge of 
the lake. 
Cross-shore bathymetric profiles along a survey line 
No. 53 in Fig. 2, penetrated the ETD lobe were from the 
data sets representing each time period (a few days to 2 
weeks). The data sets were extracted from the 
operational record located within 20 m width of 
alongshore distance along the survey line, and computed 
using the quadratic loess smoother (Plant et al. 2002) in 
cross-shore direction. After processing, a time series of 
position in cross-shore transect about depth of 9-11 m 
was made from the profiles (Fig. 3). An analysis of the 
ETD terminal slope was based on cross-shore movement 
of the position (Fig. 4). 
The operational record representing each time period 
was used to make a time series of bathymetric map 2 km 
 
Fig. 2  Aerial photograph of Imagire-guchi inlet and the 
vicinity with south at the top. A narrow channel (200 m 
wide) connects the Hamana Lake directly to the Pacific 
Ocean. The tidal exchange through the inlet has 
generated strong currents. 
 
 
Fig. 4  Schematic of time series analysis of position (X1, 
X2, ... Xn) in cross-shore transect about value of depth. 
In this study, the depth of 9, 10 and 11 m related to the 
ETD terminal slope was analyzed. 
 
 
Fig. 5  Bathymetric map for the Imagire-guchi inlet 
computed from the operational record collected round 
the year, 2010. Coordinates are in Japan Plane 
Rectangular Coordinate System zone VIII and contour 
interval is 2 m. 
 
Fig. 3  Example of cross-shore bathymetric profile along 
survey line No. 52 from operational record of the fishing 
boats collected between 23 June and 10 July 2012. The 
profile (solid line) was drawn from computed using the 
quadratic loess method with cross-shore smoothing the 
raw operational record (+). 
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round the inlet. Elevations were spaced on a 10-m grid 
using the kriging geostatistical algorithm and moving 
average smoothing method to reduce noise. Fig. 5 shows 
a bathymetric contour map computed using this method 
with the record collected round the year, 2010. ETD 
developed in front of the inlet and the lobe steered away 
westerly from the channel mouth because of tidal 
currents along the east-side jetty. A terrain analysis uses 
the bathymetric data of different time periods to 
calculate volumetric changes. 
 
RESULTS 
 
Progradation of Inlet 
The results of the ETD formation analysis are 
presented in cross-shore movement of the ETD terminal 
slope. Fig. 6 shows time series of cross-shore position 
along the bathymetric profile in depth of 9 m, 10 m and 
11 m. Medium-term trends of the movement (solid lines) 
in parallel until June 2011 show that the ETD lobe 
migrates toward offshore. The annual rate of ETD 
progradation resulted in about 7-9 m/year seaward. 
 
Fig. 6  Time series of position in cross-shore transect at depth of 9, 10 and 11 m along survey line No. 52. Note the solid 
lines that linear trends of the fluctuation, and annual rates of the trends positive towards offshore. A change occurs in the 
offshore-going migration of the position by impetus given typhoon 1106 (Ma-on). 
 
 
Fig. 7  Bathymetric change around typhoon Ma-on in July 2011 (a) and  between July 2011 and July 2012 (b). A 
concentrated erosion (approximately 2 m vertically) occurred within the ebb-tidal delta (ETD) in (a). After one year of 
the typhoon, the changes in spatial pattern of bathymetry showed large zones of alternate erosion and accretion on the 
ETD in (b). Green color indicates no data to subtract the depth and south is at the top. 
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Turning the trends were induced by powerful typhoon 
1106 (Ma-on) that affected southern Japan in July 2011. 
The rate of migration in depth of 11 m has almost 
leveled off, whereas the position of 10 m deep moved 
landward at the annual rate of 17.7 m until July 2012. 
These data suggest that erosion occurred in the ETD lobe, 
the terminal slope changed in mild and the ETD 
progradation stopped. 
 
Bathymetric Change 
Fig. 7 shows planar distributions of seafloor changes 
around Ma-on in July 2011 (Fig. 7(a)) and between July 
2011 and July 2012 (Fig. 7(b)). Bathymetric change 
analysis shown in Fig. 7(a) shows that concentrated 
erosion (approximately 2 m vertically) occurred within 
the ETD by effect of high wave condition due to Ma-on. 
The ETD lobe was also eroded in agreement with results 
of analysis in Fig. 6. Fig. 7(b) shows that post-typhoon 
deposition occurred one year later at the significant 
typhoon-induced erosion in front of the east jetty. In 
addition, a large newly-eroded zone lay on the ETD, and 
a newly-accreted part was brought out at the western 
area. A shallow ETD is susceptible to change in large-
scale bathymetry in high wave due to tyhoon (Miner et al. 
2009). It is thought that the erosion zone trapped 
sediment supply. As a result, balance between sediment 
supply and demand for the constant ETD progradation 
was lost, and angle of the ETD terminal slope and 
volume of sediment composing the ETD.  
 
CONCLUSIONS 
Medium-term progradation of the ETD results in 
seaward-migration of the ETD lobe by the annual rate of 
7-9 m/year until typhoon Ma-on, July 2011. 
Concentrated erosion occurred within the ETD due to 
high wave by Ma-on. After one year of the typhoon, the 
changes in spatial pattern of bathymetry showed large 
zones of alternate erosion and accretion on the ETD due 
to sediment imbalance associated with the seafloor 
erosion in Ma-on. 
The results emphasized that frequent bathymetric 
data obtained with the operational record give us 
efficient method for monitoring ETD formation and  
 
 
 
 
 
 
 
 
 
sediment transport. This method has applicability in 
various time-scale monitoring for bathymetric analysis. 
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